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Abstract
Linear plasma fluid theory is used to study the stability of a cold electron beam in Brillouin equilibrium which passes through a stationary cold ion background, with particular interest in stability for parameters relevant to EBlS devices. Dispersion is studied both analytically and numerically. For £=0, the usual infinite medium two stream instability condition is shown to correspond to a requirement that beam perveance exceed a minimum value, P>33~pervs; hence, this mode is stable for EBlS (Pzl~perv) . The Brillouin equilibrium rotation is shown to cause an electron-ion rotating stream instability, which is convectively unstable. The £=1 mode is also found to be unstable.
Higher modes numbers, £>1, are unstable, but have reduced qrowth.
Instability is only weakly affected by finite beam radius and boundary conditions.
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General Formalism
The electrostatic stability of the Electron Beam Ion Source (EBIS) 1,2,3 is studied with linear cold plasma fluid theory. Analytic and numerical methods are used to study the linear dispersion of a finite radius electron beam passing through a partially neutralizing ion space charge. A rigid rotor equilibrium, Brillouin flow 4 , is assumed for the un-neutralized beam. A two component cold fluid plasma is also assumed. The effect of secondary electrons on stability is neglected.
The plasma is assumed to be very long in the Z-direction, with a n =0 and a v =0, where: n, denotes particle density; v, fluid z so z so velocity; subscript, s, species; and superscript, 0, an equilbrium quantity. The axial component of the electric field, is neglected, Eoz=O' and axial sYmmetry of the equilibrium is assumed, nso(x)=nso(r) and vso(x) =vso(r 
where, rl s = esBo/msc. For a square density profile, we have
where R p denotes the nominal plasma radius. The equilibrium condition now becomes algebraic and corresponds to rigid rotation, with,4 
For future use, the vortex frequency is now defined, as,
-3 -Electrostatic stability can be studied by the usual first order perturbation theory, with a potential of the form,~(x,t)= o(x)+8~(x,t), where,
with kz=2~n/L, where L represents the system length, and n=O, (ii)~is continous across the plasma boundary; and (iii)~vanishes on the conducting wall. From the fluid plasma theory, the full dispersion relation is found to be,4
For convenience, the following notation has been adopted: and,
s ps z sz
The boundary term is given by, Thus, the velocity of propagation is given by dkRe(w) at the point of the maximal growth. If the velocity of the instability is so large, that it leaves a system of size L before appreciable growth occurs,
i.e., if, Im(w) LtV~3, then the mode is said here to be convectively stab1e.
In the discussion of beam stability which follows, 1=0 and l~O are considered separately. All regions of unstable growth have been studied numerically and been found to be convective; hence, the convective criterion is used throughout.
The following notation is adopted for convenience, (iii.)
By definition of 5, Case (i) implies T~Z ,and, from (14), o,n IT21~O. From the previous discussion, the dispersion relation, given by T 2 = 0, can be solved for the fastest growing modes by using (w-kV)2, = k 2 V 2 which gives, w = (21) which is purely imaginary for, The velocity of propagation at maximum growth may be estimated from kWr Ik=ko =V/3. Since Y max 3L/V ez » 3, this mode is -10 -convective1y unstable for EBIS. Insight into the nature of the instability can be gained by noting that if the vortex terms) wand \Ie W oj were not present, the dispersion relation would be the same as for \11 the infinite medium two stream instability (i.e., T1=o), which will be discussed below. Thus, this long wavelength instability corresponds to the two stream instability modified by the equilibrium rotation (Ref.
Equations 21-23), and will be referred to as an electron-ion rotating two stream instability.
Case (ii) requires T 1 -w~el w-kV 2 » 1, or w r kV (Note: T 1 » 1 and w~i/w2»1 =9 r«wpi). Since 151»1, TR p --7 Zo,n' using (14), this implies T 2 ---70. From (22) , this corresponds to w 2 =<..
w~e + w~e' with r at most of~( /w-kV/-w Pi 1w pe ).
Case (iii) corresponds to IT21~1. With slight modification, the previous argument applies, i.e., any growth rate is small compared with This is similar to the previously considered case of T 2 =0 in the Brillouin limit (oove=O). For simplicity, we take Rp/R c « 1.
Then, instabi1tiy can only appear for, 100 I-ooi«ooe, in which case,
The condition for instability, 00 2 <0 is now, 
30)
The condition for instability becomes, This implies that growth rates are reduced for large 2, and that only a finite number of modes can be unstable.
-14 -
Conclusions
Linear cold plasm fluid theory has been used to study the electrostatic stability of EBIS devices by considering a finite radius electron beam in a Brillouin-type equilibrium which passes through a stationary ion background and is bounded by a finite radius conductor.
For £=0, the usual infinite medium two stream instability has been found to have a critical perveance for onset, P>33 (~pervs), and is, therefore, stable for EBIS (P l~perv). However, a convectively unstable electronion rotating stream instability has been found, this is driven by a combination of streaming plus the natural rotation of the Brillouin equilibrium. It has been shown that the conditions for the onset of convective growth can be satisfied in EBIS. These results are only weakly affected by the boundary conditions. A non-axisymmetric instability, £=1 was also found to be convectively unstable.
The existence of the predicted modes in EBIS devices has yet to be confirmed by detailed experimental measurement, although unidentified electrostatic oscillations have been obseved. 7 Because growth is convective, the £=0 mode may grow without necessarily disrupting beam propagation. The £=1 modes could conceivably introduce ExB effects, but would also not be disruptive for a convective instability, since any motion across Bmust include the ions and can only occur at the relatively slow Alfven speed. The primary concern about the effect of convective electrostatic modes is the possibility of ion heating, which could conceivable hinder the collapse of the beam to high current density3 and is generally undesirable in an accelerator ion source.
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